The effectiveness of revegetation in providing habitat for fauna is expected to be determined both by within-site factors and attributes of the landscape in which a revegetation site occurs. Most studies of fauna in revegetation have been conducted in landscapes that have been extensively cleared, modified or fragmented, and in Australia, predominantly in the southern temperate zone. We investigated how within-site vegetation attributes and landscape context attributes were related to bird species richness and composition in a chronosequence of post-mining rehabilitation sites within an otherwise intact landscape in tropical northern Australia. Our working hypothesis was that bird species richness in rehabilitating sites would be positively related to site vegetation structure and landscape context including (1) proximity to woodland and (2) the proportion of woodland within a 500-m buffer of rehabilitation sites. Within each of 67 sites, we sampled vegetation once and surveyed for birds eight times over 16 months. Landscape context variables were calculated using GIS. There were large differences between bird assemblages of woodland and rehabilitation sites and between age classes of rehabilitation. Bird assemblages were strongly related to site vegetation attributes across all rehabilitation sites. Proximity to woodland was only related to bird assemblages in rehabilitation sites older than 4 years old. We conclude that the relative importance of landscape context and site variables at any point in time will be a function of how closely vegetation within the revegetation site matches the habitat resource requirements of individual species.
Introduction
Rapidly declining global biodiversity combined with the enormous scale of the revegetation challenge is driving interest in strategic approaches to revegetation that will be effective at the landscape scale. The effectiveness of revegetation in providing habitat for fauna is expected to be determined both by within-site factors and attributes of the landscape in which a revegetation site occurs (Holl & Aide 2011; Tambosi et al. 2014) . Birds are useful indicators of the habitat value of revegetation as they are easily detected and sufficiently abundant to provide quantitative data. Although many bird species are generalists, the fact that birds make extensive use of vegetation-based habitat resources for food, shelter, and breeding, and are diversified over several trophic levels makes them potentially sensitive indicators of habitat change (Da Silva & Vickery 2002) . Their high mobility also makes it likely that birds are useful indicators of landscape scale constraints on the habitat value of revegetation.
Multiple within-site factors affect bird presence including predation and interspecific interactions, but vegetation type is the predominant factor (Major et al. 2001 ) with many bird species exhibiting strong habitat preferences (Kikkawa 1968; Woinarski et al. 1988) . The importance of vegetation type is underscored by chronosequence studies that have documented changes in bird species composition with vegetation change (Armstrong & Nichols 2000; Nichols & Grant 2007; Brady & Noske 2010; Gould 2011; Munro et al. 2011) and studies that show how revegetation type influences the composition of bird assemblages (Lindenmayer et al. 2012) .
The potential effect of landscape scale constraints on faunal use of revegetation is informed by studies of habitat loss and fragmentation. For example, bird assemblages within patches of remnant native vegetation have been shown to be related to remnant size and isolation (Mac Donald & Kirkpatrick 2003) . Landscape context variables, including isolation age (Lindenmayer et al. 2002) and type of vegetation cover in the vicinity of revegetation (Cunningham et al. 2007; Lindenmayer et al. 2010) , have also been shown to affect bird assemblages. The amount and configuration of remnant vegetation in the landscape has been shown to constrain a site's habitat potential by reducing the size of potential source populations and/or the ability of individuals to reach a site (Martensen et al. 2012) . Patch size and connectivity have also been shown to affect bird use of revegetation sites (Munro et al. 2007; Fink et al. 2009; Lindenmayer et al. 2010; Morrison et al. 2010) . The widely varying results of landscape scale studies of faunal use of revegetation suggest that any specific outcome depends on multiple factors including characteristics of the species, vegetation, and landscape. Within Australia, most studies of faunal use of revegetation have been conducted in temperate southern Australia where native vegetation has been extensively cleared, modified, and fragmented.
We investigated how within-site vegetation attributes and landscape context attributes were related to bird species richness and composition in post-mining rehabilitation. This study was conducted in a tropical landscape that remains essentially intact (Woinarski et al. 2007) . This is in contrast to southern Australia, where more than 80% of temperate and sub-tropical woodlands have been removed. This paper is an extension of previously published results from the same study relating to vegetation (Gould 2012) and bird assemblages (Gould 2011 ). Here we explore the relative importance of within-site and landscape context attributes for bird assemblages in rehabilitation. Our working hypothesis was that bird species richness in rehabilitation sites would be positively related to proximity to woodland, that is the unmodified native vegetation of the study area (hereafter woodland), and to the area of woodland surrounding rehabilitation sites.
Methods

Study Area
Strip mining for bauxite has occurred continuously on the Weipa bauxite plateau on the northwest coast of Cape York Peninsula, Queensland, Australia, since the early 1960s (Fig. 1) . Since 1981, the goal of post-mining rehabilitation has been to establish "self-sustaining, maintenance free vegetation comprising a variety of native plants which in turn support native fauna" (Reeders 1985) . The pre-mining native vegetation is primarily a tall woodland (i.e. foliage cover 10-30% and vegetation height >30 m), dominated by Darwin stringybark (Eucalyptus tetrodonta). Mining and subsequent rehabilitation has resulted in a mosaic of rehabilitation of different ages, combined with small remnants of woodland, within a landscape of intact tropical woodland. At the commencement of this study in 2006, 12,650 ha of woodland had been cleared for mining, of which 7,500 ha had been rehabilitated. As mining and rehabilitation occur progressively, rehabilitation areas represent a vegetation chronosequence. In 2006, when this study began, rehabilitation sites with similar treatments were available, aged from 1 to 23 years old.
Study Design
Bird assemblages and vegetation were surveyed in 67 sites, of which 36 were woodland and 31 were a chronosequence of rehabilitation sites. Woodland sites were made up of three land units including (1) the tall woodland dominated by Darwin stringybark that represents pre-mining vegetation (28 sites) and (2) two woodland land units whose vegetation composition and structure differ from the pre-mining tall woodland (four sites of each land unit) and that are considered potential analogues for the post-mining landscape (Reddell & Hopkins 1994) . The two potential analog land units were included because the mining process permanently alters soil depth and hydrological characteristics, and restoration of pre-mining vegetation sensu stricto is not considered feasible. A large number of reference sites were included as there is considerable spatial variation in the pre-mining vegetation, and no baseline studies of the pre-mining vegetation or bird assemblages were available. Majer and Nichols (1998) found that no two control sites produced the same species list and highlighted the need for adequate spatial replication of reference sites when comparing post-mining rehabilitation sites with unmined sites.
All rehabilitation sites had received similar treatments with respect to soil treatment, the composition of the seed mix, and fertilizer applications. Replicates of rehabilitation sites were selected to approximate a growth curve over time. The requirement that rehabilitation treatments be similar constrained the number of available replicates of older rehabilitation sites. Consequently, there were six 1-to 2-year-old sites; six 3-to 4-year-old sites; six 5-to 8-year-old sites; eight 9-to 16-year-old sites; and five 17-to 23-year-old sites.
Independence in site selection was achieved through a priori stratification of woodland by land units and of rehabilitation by age class. Independence in site selection was also achieved by selecting sites unseen, following a rule set within GIS. The rule set for site selection included patch size and shape, distance between patches and interspersion of patches of different land units and age classes. All study sites were 2 ha (100 m × 200 m) and aligned north to south along the long axis. Each rehabilitation study site was located entirely within a specified age class. This required that the rehabilitation block size was at least 6 ha and shaped and aligned to allow placement of study sites surrounded by a buffer at least 50 m wide all around. Rehabilitation sites were at least 500 m apart with the exception of two sites that were only 200 m apart but of different age classes. Rehabilitation sites of similar age were selected from different parts of the mine wherever possible.
Collection of Bird Data
The 2-ha 20-minute area search method (Barrett et al. 2003) was used to survey birds. During each survey, all birds seen or heard were identified and counted. Birds flying over or through a site were not included, but birds using the site air space, such as raptors or aerial insectivores flying low over the canopy that appeared to be searching for prey within the site, were included. Potential error in bird data was reduced by adopting the following protocols: (1) each site was surveyed eight times over 16 months (September 2006 to December 2007 with a total survey time of 160 minutes at each site; (2) all surveys were conducted between 6.30 and 10.00 am; (3) no surveys were conducted when it was raining or very windy; (4) all sites were surveyed twice in each of four "seasons"
(early dry season, late dry season, early wet season, and late wet season); (5) each round of surveys was conducted under the same seasonal conditions by surveying all sites within the shortest time possible, usually 16-17 consecutive days, given the constraints of time of day and weather conditions; (6) the order of site visits changed with each round of surveys; (7) sites were searched actively rather than doing point counts; and (8) one observer (SG) conducted all surveys. Additional bird results from this study are available in Gould (2011) .
Collection of Vegetation Data
Vegetation was sampled at all sites during May to June 2007. At each site, vegetation was sampled at 16 points systematically located in a grid pattern to maximize the number of sampling points and the sampling radius. A search radius was imposed to prevent double counting. We used the point-centered-quarter (PCQ) method that is a statistically robust density estimator (Krebs 1997) . Using the PCQ method, the area around each sampling point was divided into four 90 ∘ quadrants. Within each quadrant, the closest individual plant within a 16.5 m radius was identified for five a priori vegetation layers:
Restoration Ecology 1. Perennial grass; 2. Low shrub: woody plant, single-stemmed and dbh less than 1 cm, or multi-stemmed and less than 2 m tall; 3. Tall shrub: woody plant, single-stemmed and dbh greater than 1 and less than 10 cm, or multi-stemmed and greater than 2 m tall; 4. Small tree: woody plant, single-stemmed to a height of 50 cm, and at least one stem dbh greater than 10 and less than 35 cm; and 5. Big tree: woody stem dbh greater than 35 cm.
For each target plant, the following data were recorded: species identity; distance from the center; heights to the base and top of the canopy; and two canopy dimensions, that is lengths of (1) the longest axis and (2) the axis orthogonal to the longest axis. Stem diameter was recorded only for stems with a dbh greater than 10 cm. For multi-stemmed plants with at least one stem greater than 10 cm dbh, all stem diameters were recorded. Finally, we estimated the canopy density within the ellipse defined by the two canopy dimensions. For perennial grasses, diameter at the base, height, two canopy dimensions, and canopy density were recorded. If there was no plant of the target size class inside the search radius within a quadrant, a blank was recorded. A correction factor was applied to adjust for vacant quadrants when calculating stem densities (Warde & Petranka 1981; Mitchell 2007) . Data from all 16 sampling points were combined to generate site values. Detailed results of the vegetation survey are available in Gould (2012) .
Calculation of Landscape Context Variables
Five landscape context variables were calculated for each site using ArcGIS9 (ESRI). The landscape context variables were: (1) the amount of woodland outside the site but within 500 m of the site boundaries; (2) the shortest distance from the site boundary to woodland; (3) the shortest distance from the site boundary to the coast; (4) the shortest distance from the site boundary to the edge of the bauxite plateau; (5) the shortest distance from the site boundary to mesic vegetation. Data for the landscape context variables are summarized in Table 1 . Birds are highly mobile and movements of a few hundred meters should be within the range of daily movements for most bird species. A review of fauna studies in fragmented Australian landscapes estimated that the mean gap-crossing threshold is 106 m and that the upper threshold for gap-crossing is 1,100 m (Doerr et al. 2010).
Data Analysis
Data from all site visits were combined to generate site bird values. Species richness was a simple count of all species recorded in a site over all eight surveys. Species detection rate was calculated for a site as the number of times the species was recorded in the site out of eight surveys. We conducted one-way analysis using ANOSIM and the Bray-Curtis index to test for similarity in bird assemblages between (1) all sites (i.e. remnant native woodland cf. rehabilitation sites), and (2) between Values in parentheses show percentages. The maximum possible value for the amount of remnant native woodland outside the site but within 500 m of the site boundaries was 110 ha.
rehabilitation sites of different age classes. After removing highly correlated environmental variables, the BEST procedure was used to model the relationship between site bird detection rates and potentially explanatory site variables. This procedure searches for high-rank correlations between a species assemblage resemblance matrix and an environmental variables resemblance matrix ANOSIM and BEST were conducted using Primer-E with PERMANOVA+ (Clarke & Gorley 2006) . We selected the following parameters for the BEST procedure: Spearman rank correlation, the Gower metric was used to create a resemblance matrix for the environmental variables; the maximum number of variables was set at 5, and 999 permutations were run. Simple linear regression was conducted in R (R Core Team 2013). The significance level used in all statistical analyses was 5%.
Results
Over all surveys, 97 bird species were recorded, of which 18 (19%) were recorded only in rehabilitation sites, 24 (25%) were recorded only in woodland, and 55 (56%) occurred in both. Bird species richness increased with rehabilitation age and in the two oldest age classes of rehabilitation was similar to woodland sites (Fig. 2) . Rehabilitation age was strongly correlated with vegetation height (r = 0.92, p < 0.0001). In spite of the increases in bird species richness, there were large differences between the composition of bird assemblages of rehabilitation and woodland sites (global R = 0.69, p < 0.0001). Bird assemblages in rehabilitation became more similar to those of woodland with increasing age. This is reflected in the declining R-values with decreasing age gap in the pairwise comparisons of differences in bird assemblages (Table 2) . However, large and significant differences remained even between the oldest age class of rehabilitation and woodland. Bird assemblages were dominated by insectivorenectarivores across all woodland and rehabilitation sites. Site vegetation attributes were overwhelmingly important in explaining bird assemblages in rehabilitation sites (Table 3 ). The role of vegetation was reflected in the temporal patterns in foraging group abundance (Fig. 3) . For example, grass foraging insectivores were most abundant in the youngest age class of rehabilitation, whereas trunk-gleaning insectivores, species that probe the bark of mature trees for insects, were entirely absent from rehabilitation. Bird assemblages in young rehabilitation sites were characterized by foraging groups that use open ground, grass, or low shrubs. The number and abundance of foraging groups increased with rehabilitation age and vegetation structure. Foraging groups that use resources of mature vegetation were more abundant in woodland sites.
Only one species, Striated Pardalote (Pardalotus striatus), occurred across all age classes of rehabilitation and woodland (Table 4 ). All rehabilitation sites included species that were not recorded in woodland. Apart from the Brown Honeyeater (Lichmera indistincta) that was present in all rehabilitation age classes, there was turnover of bird species with increasing vegetation height. Comparison of bird species' detection rates by rehabilitation age revealed four patterns: (1) turnover of bird species not sourced from woodland in rehabilitation sites up to 16 years old; (2) accumulation of non-woodland bird species with increasing rehabilitation age; (3) increasing detection rates of woodland bird species with increasing rehabilitation age; and (4) many woodland bird species were absent from or had very low detection rates in rehabilitation of all ages. When rehabilitation sites of all ages were included in the analysis, vegetation height accounted for a large and significant component of bird species richness. None of the landscape context variables accounted for any variation (Table 5 ). It is difficult to identify the independent effect of vegetation height, however, as it was highly correlated with other vegetation structure attributes including total canopy volume (r = 0.85, p < 0.0001) and total basal area (r = 0.89, p < 0.0001) (see Table S1 , Supporting Information). Vegetation height therefore appears to integrate multiple attributes of vegetation structure and was a good proxy for overall vegetation development. In rehabilitation sites older than 4 years old; however, distance from woodland had the largest effect on bird species richness (Table 5) . Within this subset of older rehabilitation sites, effect sizes were smaller due to less variation between sites in bird species richness and in vegetation. The largest F-value was 7.0 compared with 75.5 when all sites were included in the analysis and there were larger differences between sites.
Discussion
The effect of landscape context on bird species richness in post-mining rehabilitation at Weipa was contingent on within-site characteristics. The increase in bird species richness that occurred was overwhelmingly explained by within-site vegetation. Likewise, the composition of bird assemblages was largely explained by within-site vegetation. Turnover in bird assemblages was most evident in changing foraging group structure. These findings are consistent with the findings of age-specific bird assemblages in (1) forest succession (Fisher 2001; Venier & Pearce 2005; Serong & Lill 2012) ; (2) habitat reconstruction following agriculture (Martin et al. 2004) ; and (3) habitat restoration following mining (Nichols & Nichols 2003; Nichols & Grant 2007) . The vegetation stage at which a bird species enters the succession is usually related to the development of key vegetation-based habitat resources such as food plants, tree hollows, canopy gaps, and leaf litter (Loyn 1985; Smith 1985) .
At Weipa, one entire foraging group, trunk-gleaning insectivores, was absent from post-mining rehabilitation. This specialist foraging group requires habitat resources associated with mature vegetation and has been found to occur only in mature or remnant Eucalyptus formations (Fisher 2001; Martin et al. 2004) . In Australia, a number of trunk-gleaning insectivores are of conservation concern. Brady and Noske (2010) also found that significant differences remain between bird assemblages in old post-mining rehabilitation sites and remnant vegetation, even when species richness increases and turnover in species composition occurs. If revegetation is unable to provide habitat resources for species that are of conservation concern within Restoration Ecology Our assumption that woodland would be the source habitat of species entering the revegetation was too simplistic. Woodland was clearly not the source habitat for the 19% of bird species that occurred exclusively in rehabilitation sites. Changing bird detection rates, and the finding that distance from woodland explained most of the variation in bird species richness in older revegetation sites, demonstrates three important points. First, the effect of landscape context differs between bird species. Second, more than one vegetation type was acting as a source of the bird species that entered rehabilitation. Third, the relative contribution of the multiple source habitats to bird assemblages in revegetation changed over time. Woodland eventually became a source of bird species for rehabilitation sites, but we assume only when the developing vegetation provided suitable vegetation-based habitat resources. The increasing detection rates of woodland bird species in older revegetation also suggest that the way in which woodland birds were utilizing revegetation changed over time.
We conclude that the relative importance of within-site vegetation attributes and landscape context attributes will change throughout the vegetation succession. Furthermore, the relative importance of within-site and landscape context attributes will depend on the extent to which vegetation in rehabilitation sites matches both potential source habitats in the surrounding landscape and individual species requirements. This interpretation is supported by two Australian studies which have found that the importance of within-site and landscape context variables differs between bird species (Selwood et al. 2009; Lindenmayer et al. 2010) . Gould (2011) also showed that birds responded individualistically to vegetation in post-mining rehabilitation sites.
If revegetation is intended to provide habitat for a particular species, or a group of species with similar habitat requirements, multiple species-specific site and landscape requirements as outlined in Figure 4 should be considered from the outset of revegetation. At the landscape scale, for example, continuous vegetation cover does not necessarily mean that the landscape is equally permeable to all species (Hobbs 2002; Soule et al. 2004; Fischer & Lindenmayer 2007) . In addition to landscape permeability, the arrival of a bird species within a revegetation site will be a function of the species dispersal abilities, their reproductive potential and their habitat specificity (Diamond 1975) , size of the revegetation site (Fink et al. 2009) , and how far the site is from a source population (Wiens 1989a; Scott et al. 2001; Miller & Hobbs 2007) . The size of the source population also affects the rate at which individuals will disperse (Wiens 1989b) . Arrival, however, is only the first step and revegetation may even act as a sink for dispersing individuals if it does not provide sufficient resources (Keagy et al. 2005) . Another set of species-specific factors influences the likelihood that having arrived, species will also be able to establish populations including area, the availability of specific habitat resources (Vesk & Mac Nally 2006) , the reliability of resources through time, the presence of prior species, the presence of predators, and population viability (George & Zack 2001; Smallwood 2001) . The extent to which these factors operate will vary between species.
We conclude from this study that caution must be applied when interpreting species richness as a measure of habitat value. In this study, bird species richness provided little insight into the habitat value of post-mining rehabilitation for woodland birds whose habitat has been destroyed by mining. A review of fauna in post-mining rehabilitation in Australia found that exotic species often colonized rehabilitation sites prior to native species (Cristescu et al. 2012 ). In addition, species richness in post-mining rehabilitation at Weipa was not informative about the amount of time that birds were spending in revegetation. We suggest that species richness alone is a misleading measure of habitat value and rehabilitation success if the goal is to restore the characteristic biodiversity of a particular ecosystem. F. New, O. Pittman, R. Thorn, and D. Wingrove for their valued assistance with vegetation sampling. Thanks to the three anonymous reviewers, whose comments significantly improved the manuscript.
